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IN THE CLAIMS : 

Please amend the claims as follows: 

Claim 1 (Canceled). 

Claim 2 (Currently Amended): A laser processing method for irradiating an object to be 
processed with a first laser beam while converging the first laser beam with a lens such that a 
converging point is positioned within the object, and forming a modified region within the object 
along a cutting line, the method comprising: 

a height acquiring step of irradiating the object with a second laser beam for measuring 
height of a main surface of the object in an optical axis direction of the lens while converging the 
second laser beam with the lens, and acquiring the height of the main surface along the cutting 
line wMe-bv detecting reflected light reflected by the main surface in response to the irradiation 
of the object with the second laser beam; and 

a processing step of emitting the first laser beam and moving the lens and the object 
relative to each other along the main surface in a perpendicular direction to the optical axis 
direction of the lens while adjusting a gap- distance between the lens and the main surface 
according to the acquired height, so as to form the modified region along the cutting line in a 
predetermined depth relative to the main surface of the object ; 

wherein the height of the main ourfacc along the cutting lino is acquired acquiring step is 
performed at a first time interval while moving the lens and the object relative to each other at a 
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first speed along the main surface in th e in the perpendicular direction to the optical axis direction 

wherein the processing step is performed at a second time interval shorter than the first 
time interval modified region is form e d while moving the lens and the object relative to each 
other at a second speed faster than the first speed in the perpendicular direction to the optical axis 
direction of the lens along the main surfac e and adjusting the gap between the lens and the main 
surface at a second tim e interval shorter than the first time interval in the processing step . 

Claim 3 (Previously Presented): A laser processing method for irradiating an object to be 
processed with a first laser beam while converging the first laser beam with a lens such that a 
converging point is positioned within the object, and forming a modified region within the object 
along a cutting line, the method comprising: 

a height acquiring step of irradiating the object with a second laser beam for measuring 
height of a main surface of the object in an optical axis direction of the lens while converging the 
second laser beam with the lens, and acquiring the height of the main surface along the cutting 
line whiie-bv detecting reflected light reflected by the main surface in response to the irradiation 
of the object with the second laser beam; and 

a processing step of emitting the first laser beam and moving the lens and the object 
relative to each other in a perpendicular direction to the optical axis direction of the lens along 
the main surface while adjusting a gap -distance between the lens and the main surface in the 
optical axis direction of the lens according to the acquired height, so as to form the modified 
region along the cutting line in a predetermined depth relative to the main surface of the object ; 
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wherein the height acquiring step comprises: 

a measurement preparatory step of holding the lens at a measurement initial position set 
such that a converging point of the second laser beam is located at a predetermined position with 
respect to the object; 

a step of starting emitting of the second laser beam while holding the lens at the 
measurement initial position, moving the lens and the object relative to each other inthe 
perpendicular direction to the optical axis direction of the lens along the main surface, and by 
releasing the lens from being hold at the measurement initial position in response to reflected 
light of the second laser beam reflected by the main surface; and 

a step of adjusting the gap- distance between the lens and the main surface after the 
release said releasing whiieby detecting the reflected light of the second laser beam reflected by 
the main surface, so as to acquire the height of the main surface along the cutting line. 

Claim 4 (Currently Amended): A laser processing method for irradiating an object to be 
processed with a first laser beam while converging the first laser beam with a lens such that a 
converging point is positioned within the object, and forming a modified region within the object 
along a cutting line, the method comprising: 

a height acquiring step of irradiating the object with a second laser beam for measuring 
height of a main surface of the object in an optical axis direction of the lens while converging the 
second laser beam with the lens, and acquiring the height of the main surface along the cutting 
line whiieby detecting reflected light reflected by the main surface in response to the irradiation 
of the object by the second laser beam; and 
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a processing step of emitting the first laser beam and moving the lens and the object 
relative to each other in a perpendicular direction to the optical axis direction of the lens along 
the main surface while adjusting a gap- distance between the lens and the main surface in the 
optical axis direction of the lens according to the acquired height, so as to form the modified 
region along the cutting line in a predetermined depth relative t o the main surface of the object; 

wherein the processing step comprises: 

a processing preparatory step of setting a processing initial position for holding the lens 
with respect to the main surface according to the height of the main surface along the cutting line 
acquired by the height acquiring step , and holding the lens at thus sot processing initial pooition 
so that the converging point is positioned at the predetermined dep th under the main surface; 

a first processing step of starting emitting ef-the first laser beam while holding the lens at 
the processing initial position, and moving the lens and the object relative to each other inthe 
perpendicular direction to the optical axis direction of the lens so as to form the modified region 
in one end part of the cutting line in the predetermined depth relative to the main surf ace of the 
object ; and 

a second processing step of releasing the lens from being hold at the processing initial 
position after forming the modified region in the one end part of the cutting line, and moving the 
lens and the object relative to each other after tho roloase said releasing while adjusting the gap 
distance between the lens and the main surface according to the height of the main surface along 
the cutting line acquired in the height acquiring step, so as to form the modified region. 
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Claim 5 (Previously Presented): A laser processing method according to any one of 
claims 2 to 4, wherein, in the height acquiring step, the first laser beam is emitted when acquiring 
the height of the main surface along the cutting line, so as to form the modified region along the 
cutting line. 

Claim 6 (Previously Presented): A laser processing method according to claim 5, 
wherein the modified region formed in the height acquiring step is formed between the modified 
region formed in the processing step and the main surface. 

Claim 7 (Previously Presented): A laser processing method according to any one of 
claims 2 to 4, wherein cutting the line includes first and second cutting lines; 

wherein the height acquiring step moves the lens relative to the object in a first direction 
extending along the first cutting line, so as to acquire the height of the main surface along the 
first cutting line, and then moves the lens relative to the object in a second direction opposite 
from the first direction, so as to acquire the height of the main surface along the second cutting 
line; and 

wherein the processing step forms the modified region along the first cutting line in the 
first direction, and then forms the modified region along the second cutting line in the second 
direction. 

Claim 8 (Canceled). 



DCO 1/2793276.2 



6 



Application No. 10/585,451 



Docket No.: 046884-5497-00-US-228674 



Amendment dated October 19, 201 1 
After Final Office Action of April 20, 201 1 

Claim 9 (Currently Amended): A laser processing apparatus for irradiating an object to 
be processed with a first laser beam while converging the first laser beam with a lens such that a 
converging point is positioned within the object, and forming a modified region within the object 
along a cutting line, the apparatus comprising: 

a lens for converging the first laser beam and a second laser beam toward the object for 
measuring height of a main surface of the object in an o ptical axis direction of the le ns; 

height acquiring means for acquiring the height of the main surface of the object by 
detecting reflected light reflected by the main surface in response to irradiation of the object with 
the second laser beam; 

moving means for moving the object and the lens relative to each other in a perpendicular 
direction to the optical axis direction of the lens along the main surface of tho object ; 

holding means for holding the lens such that the lens freely advances and retracts with 
respect to the main surface in the optical axis direction of the lens ; and 

control means for controlling respective behaviors of the moving means and holding 

means; 

wherein, while the second laser beam is being emitted, the control means controls the 
moving means so as to move the object and the lens relative to each other along the main surface 
in the perpendicular direction to the optical axis direction of the lens , the height acquiring means 
acquiring the height of the main surface along the cutting line; and 

wherein, while the first laser beam is being emitted, the control means controls the 
holding means so as to hold the lens while adjusting a gap-distance between the lens and the 
main surface in the optical axis direction of the lens according to the height acquired by the 
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height acquiring means, and controls the moving means so as to move the lens and the object 
relative to each other in the perpendicular direction to the optical axis direction of the lensaieng 
the main surface, thereby forming so that the modified regio n is formed in a predetermined depth 
relative to the main surface of the object ; 

wherein, while the second laser beam is being emitted, the control means controls the 
moving means so as to move the object and the lens relative to each other in the perpendicular 
direction to the optical axis direction of the lens along the main surfac e at a first speed, the height 
acquiring means acquiring the height of the main surface along the cutting line at a first time 
interval ; and 

wherein, while the first laser beam is being emitted, the control means controls the 
moving means so as to move the lens and the object relative to each other in the perpendicular 
direction to the optical axis direction of the lens along the main surface at a second speed faster 
than the first speed , and controls the holding means so as to adjust the gap between the lono and 
the main surface at a second time interval shorter than the first time interval . 

Claim 10 (Currently Amended): A laser processing apparatus for irradiating an object to 
be processed with a first laser beam while converging the first laser beam with a lens such that a 
converging point is positioned within the object, and forming a modified region within the object 
along a cutting line, the apparatus comprising: 

a lens for converging the first laser beam and a second laser beam toward the object for 
measuring height of a main surface of the objec t in an optical axis direction of the lens; 
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height acquiring means for acquiring height of the main surface of the object by detecting 
reflected light reflected by the main surface in response to irradiation of the object with the 
second laser beam; 

moving means for moving the object and the lens relative to each other in a perpendicular 
direction to the optical axis direction of the lens along the main surface of the object ; 

holding means for holding the lens such that the lens freely advances and retracts with 
respect to the main surface in the optical axis direction of the lens ; and 

control means for controlling respective behaviors of the moving means and holding 

means; 

wherein, while the second laser beam is being emitted, the control means controls the 
moving means, so as to move the object and the lens relative to each other in the perpendicular 
direction to the optical axis direction of the lens along the main surface , the height acquiring 
means acquiring the height of the main surface along the cutting line; and 

wherein, while the first laser beam is being emitted, the control means controls the 
holding means so as to hold the lens while adjusting a gap- distance between the lens and the 
main surface in the optical axis direction of the lens according to the height acquired by the 
height acquiring means, and controls the moving means so as to move the lens and the object 
relative to each other in the perpendicular direction to the optical axis direction of the lensa long 




so that the modified regio n is formed in a predetermined depth 



relative to the main surface of the object ; 
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wherein the control means controls the holding means so as to hold the lens at a 
measurement initial position set such that a converging point of the second laser beam is located 
at a predetermined position with respect to the object; 

wherein, while starting the emission of the second laser beam with the lens being held at 
the measurement initial position, the control means controls the moving means so as to move the 
lens and the object relative to each other in the perpendicular direction to the optical axi s 
direction of the lens along the main surfac e, and controls the holding means so as to release the 
lens from being held at the measurement initial position in response to the reflected light of the 
second laser beam reflected by the main surface; and 

wherein, after the release, the control means controls the holding means so as to adjust 
the gap distance between the lens and the main surface while detecting the reflected light of the 
second laser beam reflected by the main surface, the height acquiring means acquiring the height 
of the main surface along the cutting line. 

Claim 1 1 (Currently Amended): A laser processing apparatus for irradiating an object to 
be processed with a first laser beam while converging the first laser beam with a lens such that a 
converging point is positioned within the object, and forming a modified region within the object 
along a cutting line, the apparatus comprising: 

a lens for converging the first laser beam and a second laser beam toward the object for 
measuring height of a main surface of the objec t in an optical axis direction of the len s; 
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height acquiring means for acquiring height of the main surface of the object by detecting 
reflected light reflected by the main surface in response to irradiation of the object with the 
second laser beam; 

moving means for moving the object and the lens relative to each other in a perpendicular 
direction to the optical axis direction of the lens along the main surface of the object ; 

holding means for holding the lens such that the lens freely advances and retracts with 
respect to the main surface in the optical axis direction of the lens ; and 

control means for controlling respective behaviors of the moving means and holding 

means; 

wherein, while the second laser beam is being emitted, the control means controls the 
moving means so as to move the object and the lens relative to each other in the perpendicular 
direction to the optical axis direction of the lens , the height acquiring means acquiring the height 
of the main surface along the cutting line; and 

wherein, while the first laser beam is being emitted, the control means controls the 
holding means so as to hold the lens while adjusting a gap- distance between the lens and the 
main surface in the optical axis direction of the lens according to the height acquired by the 
height acquiring means, and controls the moving means so as to move the lens and the object 
relative to each other in the perpendicular direction to the optical axis direction of the lensateng 
the main surface, ther e by jotfralfeHBiBg the modified region is formed in a predetermined depth 
relative to the main surface of the object ; 

wherein the control means controls the holding means so as to set a processing initial 
position for holding the lens with respect to the main surface according to the height of the main 
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surface along the cutting line acquired by the height acquiring means , and hold the lcno at thi 
not proconmng initial poaition so that the converging point is positioned at the predetermin ed 
depth under the main surface ; 




wherein, while starting the emission of the first laser beam with the lens being held at the 
processing initial position, the control means controls the moving means so as to move the lens 
and the object relative to each other in the perpendicular direction to the optical axis direction of 
thejeris . thereby forming so as to form the modified region in one end part of the cutting linejn 
the predetermined depth relative to the main surface of the object ; and 

wherein, after forming the modified region in the one end part, the control means controls 
the holding means so as to release the lens from being held at the processing initial position and 
toadjust the fap distance between the lens and the object according to the height of the main 
surface acquired by the height acquiring means, and controls the moving means so as to move 
the lens and the object relative to each other in the perpendicular direction to the optical axis 
direction of the lens , thereby forming the modified region. 

Claim 12 (Previously Presented): A laser processing apparatus according to any one of 
claims 9 to 1 1, wherein the height acquiring means emits the first laser beam when acquiring the 
height of the main surface, so as to form the modified region along the cutting line. 

Claim 13 (Previously Presented): A laser processing apparatus according to claim 12, 
wherein the moving means is adapted to move the object toward the lens; and 
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wherein the control means controls the moving means such that the modified region 
formed along the cutting line when the height acquiring means acquires the height is formed 
between the modified region formed later along the cutting line and the main surface. 

Claim 14 (Previously Presented): A laser processing apparatus according to any one of 
claims 9 to 1 1, wherein the cutting line includes first and second cutting lines; 

wherein the control means controls the moving means so as to move the lens relative to 
the object in a first direction along the first cutting line, while the height acquiring means 
acquires the height of the main surface along the first cutting line, and then the control means 
controls the moving means such that the lens moves relative to the object in a second direction 
opposite from the first direction, while the height acquiring means acquires the height of the 
main surface along the second cutting line; and 

wherein, after forming the modified region along the first cutting line in the first 
direction, the control means controls the moving means so as to form the modified region along 
the second cutting line in the second direction. 

Claim 15 (Previously Presented): A laser processing method according to claim 3, 
wherein the lens is held at the measurement initial position between a position corresponding to 
one end of the cutting line and a position corresponding to a position on the outside of the one 
end on an extension of the cutting line, and between a position corresponding to the other end of 
the cutting line and a position corresponding to a position on the outside of the other end on the 
extension of the cutting line. 
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Claim 16 (Currently Amended): A laser processing method according to claim 3, 
wherein the processing step comprises: 

a processing preparatory step of setting a processing initial position for holding the lens 
with respect to the main surface according to the height of the main surface along the cutting line 
acquired by the height acquiring step, and holding the lens at thus set processing initial position; 

a first processing step of starting emitting of the first laser beam while holding the lens at 
the processing initial position, and moving the lens and the object relative to each other in the 
perpendicular direction to the optical axis direction of the lens so as to form the modified region 
in the one end part of the cutting line; and 

a second processing step of releasing the lens from being hold at the processing initial 
position after forming the modified region in the one end part of the cutting line, and moving the 
lens and the object relative to each other in the perpendicular direction to the optica l axis 
direction of the lens after the release while adjusting the gap- distance between the lens and the 
main surface according to the height of the main surface along the cutting line acquired in the 
height acquiring step, so as to form the modified region in the predetermi ned depth relative to the 
main surface of the object . 

Claim 17 (Previously Presented): A laser processing method according to claim 16, 
wherein the cutting line includes first and second cutting lines; 

wherein the height acquiring step moves the lens relative to the object in a first direction 
extending along the first cutting line, so as to acquire the height of the main surface along the 
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first cutting line, and then moves the lens relative to the object in a second direction opposite 
from the first direction, so as to acquire the height of the main surface along the second cutting 
line; and 

wherein the processing step forms the modified region along the first cutting line in the 
first direction, and then forms the modified region along the second cutting line in the second 
direction. 

Claim 18 (Previously Presented): A laser processing method according to claim 3 or 4, 
wherein the cutting line includes first and second cutting lines; 

wherein the height acquiring step moves the lens relative to the object in a first direction 
extending along the first cutting line, so as to acquire the height of the main surface along the 
first cutting line, and then moves the lens relative to the object in a second direction opposite 
from the first direction, so as to acquire the height of the main surface along the second cutting 
line; and 

wherein the processing step forms the modified region along the first cutting line in the 
first direction, and then forms the modified region along the second cutting line in the second 
direction. 

Claim 19 (Previously Presented): A laser processing apparatus according to claim 10, 
wherein the lens is held at the measurement initial position between a position corresponding to 
one end of the cutting line and a position corresponding to a position on the outside of the one 
end on an extension of the cutting line, and between a position corresponding to the other end of 
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the cutting line and a position corresponding to a position on the outside of the other end on the 
extension of the cutting line. 

Claim 20 (Currently Amended): A laser processing apparatus according to claim 10, 
wherein the control means controls the holding means so as to set a processing initial position for 
holding the lens with respect to the main surface according to the height of the main surface 
along the cutting line acquired by the height acquiring means, and hold the lens at thus set 
processing initial position; 

wherein, while starting the emission on the first laser beam with the lens being held at the 
processing initial position, the control means controls the moving means so as to move the lens 
and the object relative to each othe r in the perpendicular direction to the optical axis direction of 
the lens , thereby forming the modified region in one end part of the cutting line; and 

wherein, after forming the modified region in the one end part, the control means controls 
the holding means so as to release the lens from being hold at the processing initial position and 
adjust the gap distance between the lens and the main surface of the object according to the 
height of the main surface acquired by the height acquiring means, and controls the moving 
means so as to move the lens and object relative to each other in the perpendicular direction to 
the optical axis direction of the lens , thereby forming the modified region. 

Claim 21 (Previously Presented): A laser processing apparatus according to claim 20, 
wherein the cutting line includes first and second cutting lines; 
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wherein the control means controls the moving means so as to move the lens relative to 
the object in a first direction along the first cutting line, while the height acquiring means 
acquires the height of the main surface along the first cutting line, and then the control means 
controls the moving means such that the lens moves relative to the object in a second direction 
opposite from the first direction, while the height acquiring means acquires the height of the 
main surface along the second cutting line; and 

wherein, after forming the modified region along the first cutting line in the first 
direction, the control means controls the moving means so as to form the modified region along 
the second cutting line in the second direction. 

Claim 22 (Previously Presented): A laser processing apparatus according to claim 10 or 
11, wherein the cutting line includes first and second cutting lines; 

wherein the control means controls the moving means so as to move the lens relative to 
the object in a first direction along the first cutting line, while the height acquiring means 
acquires the height of the main surface along the first cutting line, and then control means 
controls the moving means such that the lens moves relative to the object in a second direction 
opposite from the first direction, while the height acquiring means acquires the height of the 
main surface along the second cutting line; and 

wherein, after forming the modified region along the first cutting line in the first 
direction, the control means controls the moving means so as to form the modified region along 
the second cutting line in the second direction. 
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Claim 23 (Currently Amended): A laser processing method according to claim 2, 



a measurement preparatory step of holding the lens at a measurement initial position set 
such that a converging point of the second laser beam is located at a predetermined position with 
respect to the object; 

a first measurement step of starting emitting the second laser beam while holding the lens 
at the measurement initial position, moving the lens and the object relative to each other in the 
perpendicular direction to the optical axis direction of the lens along the main surfac e, and 
releasing the lens from being held at the measurement initial position in response to reflected 
light of the second laser beam reflected by the main surface; and 

a second measurement step of adjusting the gap- distance between the lens and the main 
surface after the release while detecting the reflected light of the second laser beam reflected by 
the main surface, so as to acquire the displacement hrighLof the main surface along the hne4e 
eu tcutting line . 

Claim 24 (Currently Amended): A laser processing method according to claim 23, 
wherein the processing step comprises: 

a processing preparatory step of setting a processing initial position for holding the lens 
with respect to the main surface according to the diaplac o mont height of the main surface along 
the lino to eu t cutting line acquired by the digplacomont height acquiring step, and holding the lens 
at thus set processing initial position; 
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a first processing step of starting emitting the first laser beam while holding the lens at 
the processing initial position, and moving the lens and the object relative to each other mthe 
perpendicular direction to the optical axis direction of the lens so as to form the modified region 
in one end part of the line to cut cutting line ; and 

a second processing step of releasing the lens from being held at the processing initial 
position after forming the modified region in the one end part of the lino to cutcutting line , and 
moving the lens and the object relative to each other in the perpendicular direction to the optical 
axis direction of the lens after the release while adjusting the gapdistance between the lens and 
the main surface according to the displacement height of the main surface along the Wne-te 
eut cutting line acquired in the displaccm c nt height acquiring step, so as to form the modified 
region. 

Claim 25 (Currently Amended): A laser processing apparatus according to claim 9, 
wherein the control means controls the holding means so as to hold the lens at a measurement 
initial position set such that a converging point of the second laser beam is located at a 
predetermined position with respect to the object; 

wherein, while starting the emission of the second laser beam with the lens being held at 
the measurement initial position, the control means controls the moving means so as to move the 
lens and the object relative to each other in the perpendicular dire ction to the optical axis 
direction of the lens along the main surface , and controls the holding means so as to release the 
lens from being held at the measurement initial position in response to the reflected light of the 
second laser beam reflected by the main surface; and 
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wherein, after the release, the control means controls the holding means so as to adjust 
the gap- distance between the lens and the main surface while detecting the reflected light of the 
second laser beam reflected by the main surface, the displaccmcnt height acquiring means 
acquiring the height displaccm o nt of the main surface along the line to cutcutting line . 

Claim 26 (Currently Amended): A laser processing apparatus according to claim 25, 
wherein the control means controls the holding means so as to set a processing initial position for 
holding the lens with respect to the main surface according to the displaccmcntheight of the main 
surface along the line to cut cutting line acquired by the displacement hgighLacquiring means, 
and hold the lens at thus set processing initial position; 

wherein, while starting the emission of the first laser beam with the lens being held at the 
processing initial position, the control means controls the moving means so as to move the lens 
and the object relative to each other in the per pendicular d irection to the optical axis direction of 
the lens , thereby forming the modified region in one end part of the lino to cutcutting line ; and 

wherein, after forming the modified region in the one end part, the control means controls 
the holding means so as to release the lens from being held at the processing initial position and 
adjust the gap- distance between the lens and the object according to the displacement hei g ht of 
the main surface acquired by the displaccm e nth eight acquiring means, and controls the moving 
means so as to move the lens and the object relative to each other, thereby forming the modified 
region. 
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